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Abstract of JP4297076 
PURPOSE:To provide a high intensity EL 
element using an organic film laminated 
structure. CONSTITUTIONS EL element is 
formed of opposed first and second electrodes 
6, 2 and a plurality of organic films 5, 4, 3 
containing a light emitting layer interposed 
between the electrodes. The film 5 in contact 
with the electrode 6 is doped with doner 
impurities, and the film 3 in contact with the 
electrode 2 is doped with acceptor impurities. 
The third film 4 interposed between the film 5 
and the film 3 is a light emitting layer, a 
material having a band gap narrower than that 
of the films 5, 3, is selected, and carrier is 
confined by the material. The film 4 of the light 
emitting layer is not doped with impurities. 
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1 

ffi#fiT*SSl©mffi*5<fctfJ&2©mg 

2 ©#&&£. i&Egi. m2©*aM}c»inT5Ktt 

[H#«2] ^iil/TOSlOtiSt, ~©3Sl 

^H-ysnfcm2©*t8St©as«:<h, mrE8m# 
©* i o&mmmiz&f&znrcmT&xmam i ©«a 

mv>m2<Dnmt. ££*H&£-r5*r«EL 

uran 3 ] h i--&*t&®& K-^sn&jg i ©w« 

%3tstux©^2©*tsset©aHfrt. me*ji# 
<z>m i o&mmmizmis.-znitnT&Amom i ©«i 

35 To 

[»*Jfi4] ffl*t|6]T5SSSl:fc<i:tfSg2©«&^ Hffi2 

!gi©s«£gLTgttSft&?gi ©#«&£* mess 

2©«glC&LTStfiE>tt&Sg2©*r«l££. wessi 

©*aigtm2©*«ti!a©ra^. si©w««gt^LT 
Kit & nT&mwT3%<Dg ! &mfr*><?>^*)v*-m& 
mi©«-«ig«fc?)^^^m3©^aK, ^±z/^2©^ 

& b TKV* £> ntfliitt^Jbigi© s © 

x*;u*-g*t3£ 2 ©waK<t K> *2 ©«■«&© 
amas tm7x«siTiE«3, jb4© 

n, WES 2 ffl«ffi(xWE^ 1 ©«®K:*fLTIE©ttJE 

Widn b fc t # ic wesi i ommfr 6 wsm 1 ©=£*8I& 
fcti?**. MESH 2 ©«ffi*> SttrESg 2 ©*«K«cie?L 

a^n-en&Asn* ^netf -iE?L©35«^a*M 

ESg 3 *3«ktf?g 4 ©*«©S:^-L.TlftEm 2 ©*«&£ 

h >*)Viz\-ztiTtamm 2 ©#«KrtT?^w«S'g-r 

*fc»IE?l*tttfEm4*«k^S3©*«KSr^L 
Tll&ESI 1 ©^tSKit h>*;M£ASnTltJE3i 1 ©* 

m#m5) s^|p]-r^i*<fcixm2©mst. sue 
mi©«ffic«LTKit^n&mi©*aKt, nftEm 

2©«&C&bT^ttSnfcSg2©#««g£. fiiESgl 

©w«Kim2©wsiis©wics^e.n, e»*T«© 
e. ©x^^^-S*t|SEm 1 ©*«K«t 0 A 



(2) 4#B¥4-2 970 76 

2 

=f-#±i§l<DM&mfr 5 ©x*;l^-gj&*fflESfS 2 ©* 
«iS±D/h$<. ^A<yx«a8TWEmi©^SKt 

©W&I8 B9ES2©«ffiCWEmi©mffiK 
«LTiE©«£ES:B«raLfci:#tZ. f&SIB 1 ©««*> 6 
21 1 ©W«Wfc«T*», MEIg 2 ©««& S 31 2 ©*« 
mzlEKtfi^ft^tc&XZft. JinS©^ • iE?l©5 
^«^WE^ 3 ©*T&®£:fr bTioESS 2 ©*«lSt 
h >*^£A3nTf&ESg2 ©^S®rtT^SiS-&-r 

10 zi>\ ^\tm.mmmfS3<Dmtmt:ifVxmmmi 
o>&mm\z h >*;M£AsnTtaE3s 1 ©^aisiftTfs 

BE^©B»] 
[0 0 0 13 

K©»^*3-&Jci0iS»J[©5S3t^«tbfc, *«E 

.a? [0002] 

^n-s#«E l m : ?o>®nm%iimMzftt>nx^z>. 
/#yft7i >/&mmm*m v^*«bs 2 g#tjt© 

ELif&iglTVil, (J. J. Appl.Phys.25,L77 
3,1986). uiTIt t«R©SS*U «n BLt&9> 
BUnmBEt) 1 0 0 vat^. ny-/^tt©C. 
W. TanrfFtt. Mg • Ag /A1q3 /i?75>/ITO 
<iV>S*«]82g«j§©ELiii^£fB#bT^£ (App 
50 1. Phys. Lett., 51,p913, 1987) . Z\<Dm&\Z&tl 
«. ^«K©li^*l 0 0nm^TC'r<5rtf'<J;t3T. 

mmms. 1 o ve4T-PEftUTH^±+»3a:ff«$^'r 
EL5ST*i#snT^2>. cn5©ELig^-tt, 

W^:#©«®«SttH»c, •S7&Ag/fS#Ji/IEA& 
A@tV^#«3^«jg*^SSHbTVi5. i©«ig 

^ e: t c «k o t ss»S5g^ & n ^ c: t * ^ u 

(J. J. Appl. Phys., 27, L269, 1988) . 

[0003] fcicnssTic, =&a©*«K©m^t> 

SI 1 3E?U£ Affl^S^f -5 d £ C«t o 5g«©^ 
ifimtbZnZCt. ^£*Ta&-5Alq3 ©^tt^fcfcH 

50 Bd^OkSnTH*. 
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(3) 

3 

[0004] #«EL5jma. ¥&mm\z-z>^T\tm*. 
•5. u&*«oT^r»EL^**ffifl:t-?>&«e)ictt. ft 

tfegc*!*^ 1 O^gSSTiSSfeSJlt 

[0005] m&v-L&tt&vz&mwmm.iii^n 

fc*R©*3l«ift»##K:S^. WAH Tang ^©m 
^•Ttt. 1 0 VOBJiBlttET 10 — 100 mA/ctf © 

mss^asnx ^ © t #*«ggog*ttt i o j ~ i 20 

0 J Q/ctf ftWKalUmiO. 2tfmT<&£ 

J6»6, W«K©gtfi$tt5x 1 0 6 -10' 0-cb&# 
*ClfV>««>fcft«. £©#«K©itSgSI#tttt, S&T 
©*EPrFt$?a-;H»583-©KHt»0, S&Ciin 

[0 0 0 6] 4raEL3R?CDK3l£^*X«<SfcttiC 

a^**^S"e*s. ens-eat c 3. *Mtm©4£K 

ICHUT»> OHO *&2te, %=f- OE31) ftA 
[0 0 0 7] 

[^*i«ftu«t^fr-5«s] £i-h©j:5c;in&-c 
«*«riTv»**«ELjiHPrat, m?Mm*mH*tm 
#«Mfc>wa: s nx* 5 r, -hums*© 
^t*»# &n& n t 1 > 5 o fc. 

[0008] *^w©b»«, ^sc©*«§e©«s«it 
t^««a©a^-t>*cB8bT, m§s.m&&<Dmmit\z 

[|BW©««] 
[0 0 0 9] 

[gsB£«?fc-rsfc*©^s] *aigtt-a©¥^t 

fei>&jR«ffi©tt¥iist, «r«w©e»»wyw, 
aateirren-enox***- u~wfit£©ttftHfli 



#§§¥4 - 2 9 7 0 7 6 

-rfcfc-&*5MIlc**ELj*Ftt. mi£«fctfS§2©« 

£g*t-r*. 

[0 0 10] *^W©Sl©EL*m £©«fcg* 

«iiicfev>T. » 1 ©*«»cflrr*iii 1 ©*«sit» s 

1 * j: tfs 2 ©*«&©*n«fc 0 *a < a^snit 
^3©^r«®*t«^nfc««iKHe«ifitTs. si© 

#«K£«fctf3l2©*r«Kfc«, 3Ftt«*«F-^Sft 
£. Tfcto** 1 OMWMUctt H^— tt©^«*«» F— 
73*1. Sg 2 ©#tSISlCtt7*-fe:7* £©*»$&# F- 
ystl«. 1 0"~1 O^/cm 3 . SfS 

uii, io"~io i> /ctf t-r ^m%omm&z- 

33ttt*t»&fcn ^&S^**Jin«k9ffiV>t*«]gS 
[0 0 11] Ml©EL^T©±i£t&^frS:«fc»3a» 

WKRwrntt. *©iot$5. m, g2©ss© 

tt*Mfc&**HPriEix. Ei.tU BlOMHMEft 
1 ©*«R©e»»T«©SS«4*»6©x^Jl/^ 

6. ©x*;i^-g (fiiT cn*¥Ctf 

tH?«5) S-tn-PtlEci, Ei £<fctfEtitU SS2© 

*aflJt:»-5S2©»«R©e«*V'<Jk 



E^iU&tfN 

En-Eci^0. 5 [eV] -(1) 

E»*-Ei*^0. 5 [eV] -(2) 

Eei>Eci -(3) 

Et1>Et! "(4) 

Ec3>Ec2 "(5) 

E»i>Ets -(6) 



emittxstz, ttnafimmnz. sskss-k 

tt, E«-.<E: , Ej <Ei.fT<&. *&^1©*«K 
tUT. 

Ir -Eci^l [eV] -(7) 

I P -Eci^O. 5 [eV] -(8) 
£T*. C©5F««F-7»C«kO, Sl©%t8«©7x 
l^^JVEi «e«#l^^EcilCjfi#<*^ (1) ~ 
(6) 3©H«ttfc£S§fc£nTV>*. S2©^rtWRKF 

tbT. 

E»s-Ea ^1 [eV] -(9) 



5 

Et,-E 4 ^0. 5 [eV] -(10) 

£1"*. CO^M^H-^fCiD, !2©ftSK©7i 

Hr3 WWEs ttffi«^SW^J'ET I JCiB#<d^ (1) 

~(6) ^(Dmmt^mtz^nx^^. 
[ooi2] *nm<»&2, ^aoEL^a, _ki£b 

^ &A)8©SS 1 ©«g*5«fctflg 2 ©WSKWc^tt £ 

nfciEAaAffl©m2cDms&* - r«>. £©«&8§j*4: 

aMICT^-fe^ew^iiiadiH-^n (M2©EL 
Jiff) . M2©#«tlgSr5g^B«l:-r^*&Jcami©* 
&©*«$&*< (f£3©ELs?i 
^) . ^LTII, m2©«gratcS2©«gfi9*<iEt 
)S5/t-f7X*Wci:f, Sgl©«g^5SBl©^«8 

ecsAsntfffej:^ 2 onmfrzn 2 ©=£«& 

se^-si, ^n^n^2©w«K. mi©^«Kfch 
>*jh£as*, wfcws^r*. 12, sg3©ELin 
^©*frs«tt)*ft»tiiwrtitf, ^©aoTSs. 

S-f. «i©EL*f©«^t^«l:, 
En-Eci^O. 5 [eV] -(11) 
E7 2 -E.2^0. 5 [eV] -(12) 
Ec:>Ec« "(13) 
Et:>Et* -(14) 

E.i<Ei -(15) 
Ez <E.j -(16) 

Ec;-Ec2<Eyi-Et2 - (1 7) 

£8§&U ^l©*ffiSid^tMT?*^*g-, 
Ec 1 -Ecj>E»i-Ey2 —(18) 

C0013] sstfc-rtm^&tfn-s. ^2©w«stc 
(7)~ do) sssfc-fj^irrs. 

CO 0 1 4] ^i3*^^»C*3^T» h'-^f-S 

#±®7C^> Al . Ag . Cn . In ^©8*«*t 
8, NH3 . 7-'J>S. 7irW>i?75>g, ^> 
v^>g. h'J7i^7*>S. TTFg^Ofi# 
nifi$>Z>o ttT9*.Zf9&*m.$i}i\sT\t. Au , P 
I . W, Ir . POCU , As Fi , CI , Br , I^s 
©&t8tm s TCNQ. TCNQFt . 9Jls9=Jb* 7 

dv-;k ddq. tnf, dnf, tcne. hcn 
B#©w«$ma*<&5. 
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[0 0 15] *56^©B4, f§5©EL3TPH:, ffi*#l"J 

f^m^aAffl©^ i ©egtioi&Afl,©^ ©eg 

©rate, % 1 ©«glC8LTfl 1 ©«gri>5«^**ftA 
$n^-rv^l©*SK. g2©«gfcSUTg2©« 

ga> &iE?w<£A£n-$>-f v>ss 2 ©wsR^aw-^n, 
$e.ic^ne.mi, ®2©^rtiK©mjc. si/vrrxtt 

fr^SH^a* 510 ft?m<nB\<>&Wm ( 0 . 5 ~ 5 no 

es) ^&<tt)-s»in5. c©»v^taK* 

10 0. 5~5niD(i:T-5©tt. 0. 5nni7f;S5©^rt8K©j£K 
S^S^-^t, 5nm*a^^t^©«ft^r«K^b 

SSI, S&2©*r«g|«, tti£©Sil, SB2, Jg3 
^2©*gfrSl©«glC^LTIE©«E*iBIJ03 

-cm i £±#31 2 ©wt&isic h >*;^Asnr, ss 1 
& iow 2 ©^agrt-c^sje-g-r-s. 

a? [0 0 16] Sf!4. ©5©ELifff©&fl=£<fc0A#e<J 
fcSJWrnfi. ^2. »3©EL3fffCD«^t^«|lC, 
±ES (1 1) ~ (1 4) ©3:fl=£gtfcU *5fclF* 

i<»s (is), (i6) zffitc-rttmm&nz. 
&itm i ammmtfs 2 ©#«igtSES n^*tiis.i, 

ETaiL&tl?, 

Eci<Ecb "(19) 
Et4<E ?9 "(20) 

jo [0017] &mrz-rmmme>'pu< t 

-e-brsS (1 9) £$fc-r^«BS£«>W£££tt::n£ 
m2©fi-«ast©ra , r, s (20) zmft?mim&» 

^£<h#ttcntmi©«-«IISi©MT, *fc5£ (1 

9) &aifc-r*«Ktic (20) *sifc-r*taM©M* 
£i^fc*<b#Ki;ine>=:«©w«&©m-?. -€-n-?n« 

[0 0 18] 

mum =»©w«se«it*^*^ffl©mi©EL^ 

T, SI, S2 0«gra»^^f«©AW7X : £BlJnLfct 
t, HI, !&2©#«K#SSg3©:frt8lg[caAStl£ 

*t'J7it ^3©^«iSF*g(ciBi;ji«)e»n5o c©+ 
mi, «2©w«Rtt-5-n-€ f n, 

^SE^F-^lCfc^TifclgWfiacSi©!!!!, pl!*^ 
Lfc*^T®^BSl«ffT^I^©^Vi^*«I 

trca&s. 

[0 0 19] ^WCmi©EL^IX*iHT±j$bfc 

50 ^fl=sc*^fc-r#fi*s«rntf, sgiwmgtssi© 
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7 

G&mv>m\zm 1 ©ea*ejg 1 ©*r«Kic«^*aA 
2ti%»m&tt£0 > . is 2 ©satis 2 

ammmomitm 2 ©ma* ssg 2 ©=fr«KK:iEii*a 

ASngt^&^tfc* (&#5£(2) ) . IfttfoTl 

1, f&2<Dnmm\z&2(DnmwifiiEtt£z>/uTzn. 
Bz&mm? •& t , m 1 ©ma* e.sg 1 ©wts&Kim? * 
ax$n. as 2 ©ma* &sg 2 ©^r«^«ciE?i*aA$ 

n§. -€-LT£#5t(3) !C«J;t3TB2©W«ligtt^l© 

^aai^&oe^c^LTPSstfto, £#5t(4) ic«t 

oti 1 ©#«18fc8g2©*r«Jg*6©IE?U::2#UT[5g 
fitftO. &#5£(5) (6) CJ:oT*3©*(MlC* 

tO 0 2 0] *S89i©i§2, ffS3, Sg4, Ml5©ELSSt 

ot. si ©mats 1 ©wajsoMfssg 1 ©ma* & 
is 1 ©^«&icmp#aAsngiA#& t& 0 (&#5£ 
(id) , »2©mat^2©*«jg©Kttm2©ma* 
^S2©*«iig(ciE?L*aAsn5S^^tA5 (* 
#sa2)) . mi<D#mmt.fB2<Dm&m<Dm&ftmz 
a, m 1 ©* «m* sss 2 ©w«Ktc^*x«fc 5 t-r *m 
^»c*rrspig*j§a£sn (*#^(i3» » jg2©w« 
&*<&s? 1 ©#«Mcssn«k5 i-r-siEaic^L-TKa 

*^J5g^n5 <&#5S(14)) . 
[0 0 2 1] L£*oT;i©EL^©S51, M2©m 

mm\zm 2 ©maM*iE£fc*A-f rxmrn fcisinj-r-s 
si©ma*^mi©*taKicm^*ftAsn. jg 
2©ma*e.m2©*«KiciE7L*aA$n, ;rne© 

aASn&m^±tfiE?L«, HI. f§ 2 ©:£«!»©& 

•&#s. sfctasgi, M2©^*sKicS5*nfc*«K* 
fc#«$nT«a-fi^*^r-5. A'-frxmsE** 
sgi©w«iBi*£$g2©:fr«igi 
tcm^*h>^;uaAsn. ^2©*«sis*5Kfc@T» 
s t » r ©n 2 © wsusrt -em^ t jeh tmtti'S v 

T»3tT5. 7X«EE;M&©L€rnffi£j|&A-£> 

s& 2 ©*«&* s j& 1 ©waigfciEft* h 

A$n. SB 1 ©#«BS*8;5fcJiT?;&-54§£K«, 8S1© 
[0 0 2 2] S5l:*5!i©i2, 13CEL ^^tf 

h. ma»c»i-*ffn, ss 2 ©=fr«igi©4>fc 
g*#^sia*. rncio, **U7&Ajf £lt® 

<*ai8©&iii*«4>U SStTlcmflE^BJilDL&i^© 
«EEI*Ta»<ha < Lfc*^ TB8>mH£-Rf T» 
££*-?£*>. £&**U:r&AJf <h 

UT« < *r«Bg©ffiS©S4>tt. sjmKjftfSKfgifc-r* 

[0 0 2 3] £fc#fS?>3©Sf$4, S5CDEL^ft?li 
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h >*;PSA-f SIC&Mft/Vf 7XmjEE©L.£V>ffi*T 
[0 0 24] 

t^JSW] Hill Sl©SIJS^©*t8EL^©»fffi 
JO ?&j£L.T#&tt£. J:SS©^l©«a (Ml) 6£T«& 

©212 ©ma (M2 ) 2©raKi, =.mommmtfi&&n 

Tt>£. -rftfc>SI?U©«a6fc&LTSgl©#«BI 
(Ol ) SjWRtJStl. a*2fl>«*2K«LT*2«>* 

«us (02 ) 3*s#en, cnsiii. s&2©*asi 

5. 3©P^K^«t^:«^3©*t8S (03) 4*# 

snTv>«. ^2©ma2tt^©siffiMrttj?7x»« 
nc^$nfciTo^©swma-ca&-5„ :©eli 

[0025] H2«, zLOELm^m^rr^mi)^ 

(Ol ) 5©ei*#l" s v)l'£Eci, 

1 . flsm^w^sETi tu S2©w«is (02 ) 

3©e#^P-^SEcj, 7xJI^Sl"^£Ei , fflm 
7*^<^«Ets2:U ^3 ©Wam (03 ) 6©£3* 
*P^;l-*Ec», 7xJP5W^Jl/&E 3 , <fl5fr?#WS 

^Evatufct^, a^©«t3c, 

Ecs>Eci>Ec2 
tTi >Et i !>E»s 

[0026] ^^^*s«nTVi-5. min&mm 
30 (01 ) 5«, h^-- K-ysmr, 

TV^. ^2©WaSS (02 ) 3\iTi?±Zf9&*M®> 
^H-^nt, iSi®jg}c«koT^»©iE?L*Sf*3BBI^ 
4Ufcpffl*«»ta^TV^. cin^mi©*«iS5 
fc«fctfSg2©*aR3©^$6«}»sn;l, 10 1! ~10 19 
/cm 3 ifemi©tta (Ml ) 6tt. tt^HS 

Em*, 

Em-Eci^O. 5 [eV] 

zffiftr. o^o^i©sa6«, ^i©*as^5tc» 
40 LTm^&xv-pr^mmzmunx^. ^2©m 

a (M2 ) 2\t> ttW&E.j*, 
Etj-Eu^O. 5 [eV] 

^^fc-r. o$o^2©ma2«, S2©^ae3tc» 

[0 0 2 7] S3 (a) (b) £fB^TC:©5£te0!J©EL3& 
^©ft^^lfiWrS. 03(a) uO^lMWEL^ 
^©3?5¥S«S8T©/'?>H0T*2.. iia^S^SlTttlji 
^©^©7x)P5 ^;P*-St1-2>. UfeibTB2K 

^-rsa©tt*wsc*5«t c;s#aK©x*;mi- p^ji. 

50 0!>^:/hMff*&. S3 (a) ic*-r<t3ic »i©ma6 
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(6) 

9 

tw, i <d=£8is 5 ©ra«, m i ota 6 a> 53§ i omm 

e, «t o /t> v v zfwbz 3 ©*«& 4 a<&£*i 
fc&j&t&s. c©ttsgT«. f§ 1 ommm 5 ^.t^ss 

2 ©WtSK 3 «£2/ffc;UTV>-5. 

[0 0 2 8] 03(b) «, i©*JS0g©EL^^i3^ 
T, i2®tS2l:. mi©«ffi6!-^LTiE©l5-£.A 10 

-f 7 x «E v «a in bfc t fr ©^?©A > H at?* 
fg 1 ©*sis 5 a> £Sg 3 ©w«& 4 ataAS ru 

m 2 ©%8BS 3 &e>m 3 ©*«Sm 4 CteIE?W*aA2 n 
Ktt UT#lrmfi©#F t &^ TH*Sg 3 ©#«& 4 

ens. c©!B3©*«K4rtfc^»snfc« 

«. mi*3J:^2©^«IS5. 3te$g3©*r&BS4C 
ifc^TA^H^^y^A^Vi*^, Sg3©*rffllB4T 
f§Lfc3fcttSBl, M2©W«aS5, 3TffK«$n5i 59 

[0 0 2 9] fcU f§l©W«&5»C±j£©<fc?£>Fi&$ 

lwwta^stcm^sraA-r-sfcAt. En-Ecifc*a 
s-r ^mffi^i^st-r*. sec* $i©#«K5K& 

A$nfcm^S^©W«lS5rt€r»St$ii--5t ! b. a>* 

&^*fi«!a<F— ^nTVi&^tTSi:. ^2©m®2 
SSg 2 ©WtSBS 3 KIE7L&&ATS Et 2 - 

EnjCffi^-r-smffis&gtT*. sec. i2©ti 30 

Bg3 C£A3n&IEft&&l&S-&Sfc«>K: ! &&5«ff£ 
ifrSif*. Cl©SIIS^Ttt, HOfSi5, S2® 
3 te^n^tU SSt©fiV^nS**fr, pS!¥i* 

fc<. Jli»S©^7td«#en-5. 
[0 0 3 0] £©5!i8fl©ELfSi7t;::fct*£«fc-3£&& 

[0 0 3 1] 02 \ \Z7fCT&5\Z. ^JSmffi4 1/->U 
3>4 2/>-Un>ffift;e4 3/*«K4 4/&B«& 
4 5*e&^fi&f^. d©^mc02 2tC^T 
«t3^:=^»«ffi*WiHU. -^©^©^©gft^Sii* 

assrr*. ^^©^s&c t-rntf, 

1 =C • dV/d t 

[0032] Tgsns. 02 1 mm? \Z&^TGWtm 
4 4wt£^m&&%z.zt. ^fiiita^ntMos 

m?-d&Z>. ^c5MOS« : f©$fiBy , Ja>gftI4 
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JO 

4 4jJ*&-5*§£lCtt. tiS4 4©7iJV51/^^ 
JR«ffi4 5©tt*HS©A/hB«l'i-3T^©<i:5^ 

(a) &gm«4 5 ©#«!&£#«& 4 4 ©7 xJl/* 
[0 0 3 3] £©«"&. &S«&4 5 <b3r8l84 4©g 

Ufc#oT*8^4 4m^#<h*ftit*fc»» 

IfOMO S SB? ©-5-n.t D *S U— J£te£^f. bfc 
iJStjt, 0 2 2©i'5aH«SmjES^lCB]llDU&t 

#»c#6n^^e«tS-«£E#ft«» 02 3j^-r<t3 

(b) ^M1S4 5 ©tt*Hft*«ttK4 4©7i^5 

[0 0 3 4] £©££\ &S*ffi4 5t^SIK4 4©g5 
&S«S4 5A^^«K4 4lC^UT«-?*«aA 

Sffi&^tBJlOLfct*, &Jg««4 5<B**&fcft5 

t^nmffi4 5*^waK4 4tmwftAsn, c© 
aAsnfcm^tt#«iS4 4 £&{tig4 3 ©#®fc#si 

£ ns. ' ©«CI8t?tt^^SfittKft:S 4 3 TifeS s« 
tft-S. Ittfot, 0 2 4 lw^-f«k 5 ^&«SS» 

i^©mo s m=¥-<o vov&.-z&m-rz>. bijdsje**^ 
jgms 4 5 mifijE\zi3.z>m&r\*. »«©4 4 ^©^ 
te&jg«ffi 4 5 icssn* »3 , &&nm&iwm 441m 

( c ) &RSS4 5 ©ft*MS:***«K 4 407iM 

[0 0 3 5] C©«-&, ^S«S4 5 t*tSK4 4©« 
^tt. ^M«S4 5 36^W«J84 4lC^LTiE?L*<ffiA 

sn^-rns-a-s^-r^. 1,^*^x02 2 ©ha» 

t^S«ffi4 5^f.*t8ffi4 4tiEa^aASn, c© 

ffiA^nfciE?itt*«iS4 4 t^fl;K4 3©^®tsa 
s ns. - ©tt88Ttt3g^atti6fl^ 4 3 -eft* sffi 
t & 0 , 025 tx^-ri 5 ic^te®««a«©Mo s ^ 

^©U-^STfiiSD-r-5. 8JJ0«J3Ea<&JSi«ffi4 51B3** 
ftll^t^ffittTtt, W«S4 4rt©iE?ltt^M«ffi4 5 
K ffitl* 0 . fg{4««l«^«IS 4 4 atl&gttTfc -5 <»: b 

fcS-&©/h$vi{i*-rja^-r5. i©«i:H2i©$ ; p 

-C©^&S^SlSSff^. -€-ia^02 3~02 5©Uf 
nt:ft5*>i:iot. ^pmS4 5 t*«!S4 4©K© 

[0036] «±«. ^smait^r«K©s©gi«Ta 
•5^. ^«c0 2 1 o^m&zisnttwsi* 4<Dm& 

)V, 7iJVi U^Jk ■ffi« ; ? : »l'^Jl'©il«*^e*MX 
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[0 0 3 7] m?L\Z. 0 2 1 0*?«HftlC&<r>T. 
g|4 4*i-|f iBSTfcD. &mm&4 5 fc&f 
gl ©^18184 41 . -€-©T*^2©*aia4 42 
5tt5. -£-LT&&m«4 5rt>5Hl ©*Tt884 41 

ssmTn.&t-rntf. mi©#«&4 4i »caA5*x& 
*^tt$&jr^2to'ttaK4 42 s-eaAsn-cn** 

iCfc*. utlCiD. Sg2©««gf|4 42 tt^oe*» 
I^^*«Ml©«aag4 41 ©-€-n«fcOffiViJli:*i»^ 

Ufc Z tf. Sg 2 ©W8HBI4 4 2 Sfiifl^'SJWS 1 CD 

&mm 4 4 1 ©-en j; ons^zt asst* u 



12 



Jgl©W«Bt5 : 
[0 0 3 8] 
Mfcl] 



10 



NC 



EtOOC 



C= CH 




^2©*8IK3 
[0 0 3 9] 
HIS2] 




CH= C 



CN 



COOEt 



m3©*rSK4 : * Wfc3] 

[0040] 



CH3 



CHa 



IS2©^ffi2 : I TOm 

[0 0 4 1] Sffl^fc. Sf§l©W&l& 5 L 
T&JgaU^ASr, m 2 ©^T&K 3 LT^ 

njrM, -en-em o it ~i o i9 /cm3 ©$s£tf 
[0042] :cDsas*t@2©*fl=*ituia, ft 
^^^□-txttj*:©aDTai.5o iTo«ww*n 

fc#5*S«±fc3:-f, Jl£#*tt (&££~10-»To 
rr) K«kD»2©»«R3S2 0~1 OOortlAU $c 
lr»TPI«©SS#^CJ:oTS3©^r«S4 l SI© 

*t«k 5 sjr# 2 o ~ i o o wrf-inm u sacste 
«s^fc«fcoTx;nf'>AiRS2 o-io OBriidrr 

«. ft*S2©*«K3^©5FM«»H-^4, ttttttff 
£ RISK * a ?=/HJ|H&*JMrr * -tctOfrofc. 
*fc*l©*«R5^©*H!*H-:/H:. &©<fc5fc# 



£*7*h=:HJ MUSIC***-. ^UTi©Sig07 
MM*"*. 

[0 0 4 3] ft6tl&*?£ I TO«ff#tjECtt«/W 
7XftWtirr*fc, 5VT"»1 2mA©««*«8Sn. » 

0 0 0Cd/m ! OWt#ft6nft. 
tttti 05&-e»^&. Hl©***Hft***iU"T\ A 

[0 0 4 4] 04 «■€■©—' 3<DEL3RT0!>#J|«DjK#n 
©A> HHSH2 C^JSStTSl/tfeiOTfti. 02 

K3«hSg3©*aK4©MT?. 

i, mi©*t8JS5tM3©*r«tK4©ra 

Eci>Ec3 
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[0 0 4 5) 05(a) (b) {^©USSWO^SELifc? 

(omftmwm-v&z. 05(a) 533&¥®#&©a>f0 

AEc =Eci— Ec3 

©^«K4*^siro#«K5-s<oiEfl ( ©s6ntjfrs io 

AE? =Eti— Ets 

[0046] zmmmmoELm^zw^ rxzwrn 

L.feW0 5(b)T*5. mi<D^taK5©«^Ftt, 
5^&K3©IEftte£3roW«ll4£Ti6ftT. S&l©* 

«^5t©m©i§sS'&S5Jcsasn2.. csbTigi 
©*«& 5 3 ©#«K4 ©m©s^fsi-sas*tfc 

i?*tt«-«eSf©^M!g» (-lnm) £ 
*tLTCJUCtt, 10' V/cdpSS£1±©^^«# 
tfi&JtiLZtl*. ^fflMRiot, S8l©*1KK5l*i 
©*^ «S 3 ©*«SI 4th >*Jt#A£ n. 

«&4ft-e?gftMg-&-r-5. a6«»J©^©^&ltr© 
#ji©/ok0t?&-?>. r©sygw©s^tcB» 0»c^ 

-r«fc3t. m2©*mK3£:^3©*«|g4©Wr. 

Eci~Ecs 

Ef I<ET3 

ares*. 

[0 0 4 7] 07(a) (b) ttC©HJSW©*«E LsR^ 
©ft^MHT*^. 0 7(a) li*&¥f&#agT©/1>F 
0T?*-5. 0^©J:5Cr©|QSf9t?«. Jg2©^r«BS 
3,fcSg3©*t8&4©WT. m3©#«Bi4^6^2© 

3 ^©iE?L©iisnc» t xmm. 

AE? =E»3-Eti 

4 # ssg 2 ©*sjs 3 ^©m^HDSsn^^rsisie 

AEc =Ec3-Ect 40 

[0 04 8] lCtt^-5t/h$H. d©*J6fig©EL^F- 
IO@/W7X*8Hnibfcttffi*t> 17(b) SB1 

©*«m 5 &t>m 3 ©*«8ig 4 ic&A$nfc«^ b» 2 
©*«ig3 t©m©s?gs5^e?c#«[$n*. ^2©* 

«8I»3©jE?LH ^3©W«K4t©ra©li9S}*&a5C 
gfcatl*. £5LTS2©:f«BSI3 £SB3©*®1SI4 

©^©s^SBtc«asnfc*^'jT«. 

©WSK 3 W©iE?l«m 3 ©=S«Jg 4Kb >*;M£AS 
ft. Jg3©W8&4rtTS§ftf|i£-&-f-5. cnS©HiS 50 
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«fc«fcoTfc, !S3©WWCtt#&©**U7*tBD 

iA«e>^n-5i!e*. ^^©is^^^sns. sun 

it©E L^©^w^sug#g&isi^-r*. 
[0049] 0 8ii &mm=mm&<D&mm<DEhm 
?mmm&&^-?. noawi. ±*^j,t, sgi©« 

ft (Ml ) 1 5, !gl©:fr«& (Ol ) 1 4, Sg2©# 
mm (02 ) 1 343<fctf|g2©«& (M2 ) 1 2fc<kD 

*i*3ftTv»*. S2<Dti2it ^©*JSM-cfe^7 

[0 0 5 0] 09 H C©3ttS«OEL#?*«|*r« 

#s^-€-n-6niffitt Lfcttflrc ©n > f 0 s**-. ~ c 
•ctt. is 1 ©*ais 1 4 acFiHW«i ! -^snftif>«e 

F-^nfc«-&**bTv^. sg 1 ©*«& 1 4 ©g 
<^«Eti. »2o*iW3o6ywrp^/i'*Eei, y 

B*(OJ:5(:, E?i>E»j. Ec^EciftSMfsf** 

;V5U"s;we, at£«fl?'lB©e«4'ifefc&a. SS2©* 
«Ki 3trtt. «^&*i*Ea *t 

Ets-Ea ^1 [eV] 

[0051] x&%&oi&t ?^7'9&*mmifi. mm 
lo^/cm 3 tfiz^vizv-yztiT^z,. rftict 

0. i2©fiKl3©7iM^;i'E I 

u^;pET2©ia<*-ctcSifi'rs. nto, sg2©wa 

K13«, gitTi&5g&©», IE?l#S)gSft&tfcffi 
Sl©mffil 5tt, tt*HgcEu#. En-E 
ti^O. 5 [eV] fc-5&#£SS£LT:J3 0, ^1©« 
«8@1 4 IC»LT^*?£AL-¥>-rViH«lcaanTVs 
-5. fg2©«&12H tt*B8»En*t. E»3-Ei.g 
0. 5 [eV] tt-5*#*SISbTfc»3, ^2©#«^ 

[0052] iioit rnecfti^sn&EL 

5!l?©iS¥««ffiT©A>-H0-t?feS. S!&¥«^ffiT?« 

Sffi©tt»HS:*<fc r^r«K©#x^;^- u^;p©* 

/M8«*> ^ 010 CSti 51:, SI ©*ffi 1 5 tS 

I ©*sik 1 4 ©(grass 1 ©«s 1 5^ ss^aAb 
^■rv»i*&39t»j«an*. iS2©s®i 2t»2©*« 

II 3©Ffl»iS§2©SSl 23i»^iE?L^aAU^-r^ 
^*i^lSa*l5. SglO^SKl 4 tf€2©*®JiSl 3 
©WKtt, e^tCAEc =Eci-Et2 7i-5»S^^ 

ffim^fCHAEf =E»i-E»3^-5J$Sd ? *^ 

an-s. c:ne»©g^tfiB«-?»©istgirn 

AEt <AEc 
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[0053] z<Dnmw<D5&e%?<DW}ftmm*> h i 

1(a) (b) U 1 1(a) tt. SlOf 

m 1 5 iC*f UTS 2 ©«ffi 1 2 CjEO/t-f 7*«ffi VI 

SBEOD^aS^tt. &&&<Dm 1 ©W«& 1 4 iCrfwfc*. 

T3§ 1 ©S& 15*>^4S1 ©*T«|g 1 4 IC« 
?ifi*&ASft-&. S2©*«&1 3©^'J7T-fc5IE 
fttt. II. $2 ©*«& 13, 14 ©»S&£#® \Z 
£$•5. £*IKJ:?>, S&l©fi«Kl 4£fg2©*tiK 

i 3<D&m\zm&^mmi>wtfL-zn5>. hi kw i-^ 

S5£*<&^£T-&£. 8§2©#i8lgl 3*>S£ll©3r 

mm 1 4 icftxstifciEatt, m i ©*«8 1 4 n-vg, 

St^UTTifc^m^tSfel^U C*UC«fc»33gl©a£ 

gAi ©^3tdt#ens. 

[0 0 5 4] 11211 S&l©* 
«Ug 1 4 fc« K*- tt7M«e K-^U S 2 Ofil 

*PIC3V>T. #*©»£1&©A> FB£B 9 

Eci — Ecs<E?i — Et2 

ja:*H«*sifcr«k5fca«nTns. ts i ©*»« i 

4fcli, -f*><fcx*/WP-i» *» 
I> -Eci^l [eV] 

[0055] -c»««fc5&F^—tt^ifi«()9*. mm I 0 
18 /cm 3 ta*±5KH— ^stixw*. cfucioiB 
lotiinit 7x*swyi'Ei **e*#i"W 

EciKiS<&oTV>*. £&±0|dKffl&MKCt 3£1 
OSS 15BS1 ©««18 1 4 KflUTWf *&AL*» 
f < . m 2 ©Sffi 1 2 HJB 2 ©^*8K 1 3 KIE?L«:i£A 

[0 0 5 6] 013(a) (b) V>T C ©2SJ609© E L 
©*fc»fls*«Mirr*. JB 2 ©«® 12AW1 ©« 

811 5C*fUTIEtfc5rH' 7X«JEEV1 

£©&i£fll©»&«33 2 ©*&gg 1 3*t*agftTJfe-2.fe 
013(a) fc^f«fcpfC, *0>i3&A/£t;Ij||2®*r 

4UR1 3C*#S. I2<D1«1 2*682 0>*ttg|l 

3 icaAsnfciE?Ltt, m i ommm 1 4 £©p?g#ffi 
<ommm 1 3 omic«ft=:M«(»A3*x«. « i ©*r 

ISgg 1 4 «D«Tfitt»tt D» 2 ©*tSK 1 3 £©&B#® 
fc*»&Stt*. BIlDl;fl£***-SL-^V»<i**lxT. V2 
IC& 3 1, 013 (b) I^Ti-5lC. IS 1 ©*«& 1 4 

©m^^esh>*'j>^LT^2©«-«Ki 3 tea 

T. S2©W*8I!I1 3T*fc3=*fcgA2 ©%7feA<*t 



15 



JO 



SliDlil 5 :x;Hf«7£R 
Bl©*«mi 4 : 

[0 0 5 7] 

Efc4] 



NC 



CN 



Sg2©*r«Bll 3 
[0 0 5 8] 
Ms5] 



(X) 



SS2©«ffil 2 : I T08t*JBV>fc. 
[0 0 5 9] d©*m3&*t0 9©*#£g&U *9Eii 
-E, ! <Eci-Ec!&**#**-rcttt, 5fetClffiKb 

««_hfc, **. J*2#«*fe (Jfc£?i£~l 0-«Torr) fc 

± -2 T^rtsfuswisf t yfnm t lt©d d q %mm\z&m 

l/T, Sg 2 ©W«&& 1 0 0 nmflljAU&. % 2 ©#«K 
H©±KH«fc*ffiJHHSfcJ:t>T* 1 ©#«&£ 1 0 
1 0 0 nmJgj£'f -5« 

[0 0 6 0] f^n&Sfic i TOttc#nEfcft«s*f 

Ttt&MsatZt. 3 VT?5mA©mSS*^n. 

50 oocd/m ! ©«fi5txayi&ft&. cmt jkicd 

*ISKT©^tTab5. *»C08©*^-K*lriT. 
Sg 1 ©Sffi 1 5 : XJHf 

S&1©#«8»: (i^TV — 9— 7**W:rflO 
S2©«ffi : I TOU 

*«HJt*^*f^ofc. Sl©*t8KlCti^JC#)tL 

[0 0 6 1] ^©sKTK/wyxsBiisiUfctr^. 5 

VT#Sl5mA©*iK*t«tl. S?« 1 0 0 0 Cd /m ! © 

#6*3i6«»B»sn&. -nii, 3g2©w«KTf©»je 

[0 0 6 2] 014ft, *0«&gtlCM0>*«EL*T 
T*-5. HOSd^tt. ±*»^^,T, mi©^ffi (Ml) 

50 2 7, mioGmm (oi ) 2 6, 3&3<DGmm (03 
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) 2 5. Jg4©W«& (04 ) 2 4. I2C*afS 
(02 ) 2 3. i5<fctfM§2©e& <M2 ) 2 2C«fcO« 
figSriTV^. i20)fl2 2tt CCD^Jg^Tfe^^ 
X»«2 1 it^jfcSnfc I TO^Ol^iffitSot, 

©sUB03ira*re<&*. 

[0 0 6 3] Crtil, ^2CO#t8K2 6, 2 3®'> 
ft< tfc-**^3teT-ab«. 353 ©WIS® 2 5 £314 
©*!8gl2 4 ttm^B^S 1 0^BSSO»VJt>CD Iff 

-5fc«e>o«#^ibS«. MS 3 ©*«g| 2 5 ©«^&fcl;t} 
-HSfcl^SOO. 1~0. 9©«B 

T*. C©fc&. ^mTX«l8T^3©*«8gS2 5i a? 

is 4 ©#«k 2 4 <Dm\zm3^mmt>w&.2nz. 

CO 0 6 4] 01 5B, £©HJie9©ELgi?£8H£-t 

i . * 2 ©«a 27, 22 ottOTigfc-en-enEi i , 

EiiiU £l©W«B&2 eafftTffWC*, 7i* 
SU^, ^3l*^'<Jl'&-€-n-€ ; nE T i, Ei , Ecit 
U S52©*T«K2 JCWfH*, 7iMl/'< 

;h e^k^i'S-en-enEf!. e 2 , Ec*tbT. 

Eci>Eci 

E»1>E»8 50 

[0 0 6 5] £fcSgl©mffi2 7tt. tt*HSEMl*tE 
n-Et^0. 5 CeV] fc-5-£#£8iJ£b-CfeD. IS 

i ©*«sg 2 6 ic^bTm^sftxb^-r^HtsirSfi 

nt^5. $2CDii2 2ll tfc*HScEM2*tET J -E 
.^0. 5 [eV] &*&tt£8§£LTi5»3. SS2©* 
«K 2 3 CtfbTieLfc&AL^T^IlGU^jfnT^ 
-5. 

[0 0 6 6] g3©=tr8K2 5©ffi«^#V-^;K 7i 

*«^;v, fi^w^fc^n^nEys, e 3 , e cs 40 

ib. fg4©#«BS2 4©ffi«^#W*.>k 7xJI,Sb 

g^ffp^s^-n-fnEf^, e« , Ec^tb 

T. 

Ec-.<Ec» 
E»4 <Eti 

[0 0 6 7] HI ei&ffl^T^OELIfl^WSl^SrBi^ 
f*. 016(a) «, :(OEL«fCW7Xi©A 
>F0T&5. ^4©#ailS2 4*^SS3©^r«K2 5 

\z&=?i)mwiVT, mumme&mwisz-ztiz. 312© 50 



#BI¥4 - 2 9 7 0 7 6 
S@ 2 2 ICSS 1 ©mS 2 7 K2tLTjE©f§JE£Bjfflrr5 

01 6(b) ic^-r±5»c. fsi©ee2 7#<&sgi 
©*«IS2 ectwftAsn. ^©aAsnfcm^** 

3 , ff 4 ©*«B 2 5, 24 *«Jgricf £«^«J1£ 
h>*'J>:?LTSg2©*BK2 3K:&ASn. 182© 
*«1S2 3rtTiE?LtSie'&bT^£-r-6. ^tt^2 

am® 2&e> «m 2 ©#«& 2 3 iciE?i#aAsn> r 

©iE?L^SS3, Sg4©%«&2 5, 2 4*tJ§M£-r*«i5 
-SS*h>*'J> : J'bTSSl©W«SlS2 6l=aA$ 

[0 0 6 8] ^©^*SCTlC<fc-5t, */M7XTO«lt 
£»8#©J&j£i:/W TXSWlDfc.fc*** U 7© h 
;PaASfiJffl-r^^ttJ:-3T, JtUWe^E«l«JET? 
©5Kt»fPdr5j^-e*s. 

[0 0 6 9] 01 7tt$e.JCg»J©*6SCT©EL^Ta& 
d©^^tt, ±a>5j|T. 3S1©«& (Ml ) 3 
6, Sgl©*r«BI (Ol ) 3 5, J&3©»«]£ (03) 
3 4, &2©W«K (02 ) 3 3, fc<fctfSS2©mffi 

(M2 ) 3 2ir«fcO«!J«3nTV^. SS2©«ffi3 2 
«. C©mfiWCb^5XS«3 llZBtfLZtlfcl TO 

^©S9iftffiT2&-5. si6t*ao. fgftgtfcssi 

1. Sg2©*H!8Cft£n**«!£**-efcfcc>T^ 
5. d©^Jg«3|-ett, SS2©*SHg3 3&«figT5^ 

im 3 ©*r«[ig 2 4 &m&.-rz>tt?£m#mmmfr&m 

jWSfcfcfc, #S4©^tft|g*t^BS$nT^5. 
[0 0 7 0] SI 8KCl©IIJS^©ELsgT©^&ttr© 
SI, S!2©W«I&3 5, 3 3©S« 
£. cnStfll. SS2©«S3 6, 3 2©B8«tt, 3£ 
©*JS^tHeiTa&-5. 

[0 07 1] 3I1©^«IR3 5tSS3©^ffiK34©S 
T, Eci<EcsftSgafiSK:&a;r£t>. *©Hi8«»lt^ 
^-UTfi3©*«Se3 4tSS2©W»K3 3 
©HOT, ET2-Ec3a*/jN2V>ttfc&fcriTT<r>-5<, 

[0 0 7 2] 0 1 9 (a) », z:<D$mm<»mT<D&u 

7X^p©^ttffi*^TK>H@Tab-5. SI3©*«8S 
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